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during drop vertical jumps. [Conclusion] Repeated jumping on the trampoline compared to jumping on a hard 
surface	has	different	effects	on	lower	limb	kinetics	and	kinematics.	Knowledge	of	these	effects	may	be	useful	in	
designing	exercise	programs	for	different	clinical	presentations.
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INTRODUCTION
Exercise	 to	 facilitate	 improved	 biomechanical	 alignment	 in	 standing	 or	walking	 has	 been	 investigated.	 Such	 training	
includes	standing	on	one	leg,	forward	lunge,	and	different	trunk	exercises1–3).	It	is	thought	that	altering	biomechanical	align-
ment might be useful in the management of people with musculoskeletal disorders such as low back pain, as well as people 
who are frail5, 6).
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concluded	that	plyometric	exercise	might	have	a	significant	effect	on	knee	stabilization	and	the	prevention	of	knee	injury,	as	
well as improvement in vertical jump height11).	These	reports	indicate	that	jumping	or	plyometric	exercise	training	may	alter	
lower	extremity	alignment	during	jump	landing	as	well	as	enhance	jumping	performance.
In	recent	years,	trampoline	exercise	has	been	investigated	as	a	means	of	preventing	lower	extremity	injuries12), as well 
as	effects	on	gait	in	cerebral	palsy	infants13).	In	generally,	it	has	been	known	that	the	change	of	surface	stiffness	influences	

































































thermore,	Butler	et	al.	have	reported	that	greater	leg	stiffness	might	be	associated	with	bony	injuries20). These reports indicate 
that	exercise	on	a	trampoline	have	wide-ranging	effects	on	lower	extremity	function	and	increased	risk	of	bony	injuries.	In	
addition	to	these	previous	findings,	the	results	from	our	study	indicate	the	need	to	consider	the	potential	for	increased	stress	
on the knee joint as a result of trampoline jumping.
Jumping	on	a	trampoline	reduced	the	hip	flexion	angle	while	increasing	the	hip	adduction	angle.	This	could	be	explained	
by	 the	flexibility	characteristics	of	 the	 trampoline	 surface.	These	characteristics	may	cause	 stiffening	of	 lower	extremity	
joints	to	compensate	for	the	unstable	soft	surface.	Despite	the	effect	on	the	hip	joints,	trampoline	exercise	did	not	change	the	
knee	and	ankle	joint	angles.	It	has	been	reported	that	the	hip	joint	is	important	for	energy	absorption	during	jump	landing21). 















  Pre-trial   Post-trial   Pre-trial   Post-trial
vGRF	(N/kg) 		2.40	±	0.68 		2.77	±	0.87	a 		2.21	±	0.52 		2.61	±	0.61	c
Angles	(°)
Hip	flexion	angle 		54.2	±	12.2 		51.2	±	13.2	b 		56.7	±	12.4 		55.0	±	10.8
Hip adduction angle 			−1.1	±	6.4 				0.7	±	6.4	a 				1.8	±	6.3 				1.0	±	4.8
Knee	flexion	angle 		70.7	±	14.8 		67.5	±	13.2 		72.0	±	10.3 		74.8	±	10.0
Knee abduction angle 				6.1	±	8.0 				6.4	±	8.8 				3.2	±	3.5 				3.3	±	4.4
Ankle	dorsiflexion	angle 		35.9	±	7.1 		34.5	±	6.8 		33.2	±	6.6 		35.0	±	5.9	c
Joint	moments	(Nm/kg)
Hip	extensor	moment 		2.63	±	2.55 		3.16	±	3.07	b 		2.08	±	0.74 		2.74	±	0.94	c
Hip abductor moment 		1.15	±	1.00 		1.05	±	0.89 		0.84	±	0.41 		1.00	±	0.53
Knee	extensor	moment	* 		1.51	±	0.60 		1.67	±	0.72	b 		1.43	±	0.48 		1.53	±	0.43
Knee adductor moment 		0.61	±	0.34 		0.70	±	0.40 		0.56	±	0.29 		0.62	±	0.30












This	 study	has	 some	potential	 limitations.	The	 long-term	 influence	of	 trampoline	 and	hard	 surface	 jumping	were	not	
evaluated,	hence	long-term	changes	in	lower	limb	biomechanics	following	these	exercises	are	not	known.	In	addition,	only	
young	females	were	investigated	and	evaluated	the	influence	of	jump	exercises	on	trampoline.	Females	had	an	increased	
risk of knee injuries including anterior cruciate ligament injuries during sports activities22). Furthermore, landing alignment 
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